useful because it preseves a phyical undertanding of the engine throughout the identification stae. Afterwards the identifriation results are available for general dynamic engine studies
The identfication techniques diussed in this paper include casical methods (step response) as well as moden satical methods (Kalman filtering and Maxmum Likeliood estimation).
These techniqe have been applied to a four cylinder SI engine.
The results include an identfiation of the most important paraneters and time cntants of the engine. These are of interest for the construction of engine simulation models, for control studies and cndition monitoring applications.
htreduc&s
In spite of the great interest wbich exists in identifying the parametes of engi (and in Among the simplet types of model idenftified one can metion thoe which have appeared in acnection with adaptve control studies. Exampes of such models e the work of Olso, et. al., (1981) and WeDatead and Zanker, (1981 (198) , Morris, et. al., (1981) and Cao, et. al., (1986) . The approach of Hopkins and Borcherts (198) The likelihood function is the joint probability density of all the observations assming that the parameters are known, i.e.
where succesive applications of the rule P(A n B) = P(AIB) P(B) are used to expre the likelihood function as a product of conditional densities.
Since both Y(t) and e(t) are normally distributed, the conditional density is ala noma. The normal disribution is compltdy characterized by the mean and the variance. Hence, in order to parameterize the conditional distnbution, we introduce the conditional mean and the conditional variance a- (7) (8) respectively. Equation (7) is the one step prediction and (8) the associated variance. Furthermore, it is convenient to introduce the one step prediction error (or innovation) (9) Using (6) - (9) 
The conditional mean Y(t Jt-1) and the conditional variance R(t It-1) are calculated recursively by using a Kalman filter (e.g. Astr6m, 1970 (1976) .
Since the engine inputs were perturbed one at a time (while the others were kept constant), it was posible to identify submodels of the total model one after the other. Most attention was concentrated on -the fuel flow submodel, because of it's great importance and deficient coverage in the literature.
The parameters of the model were estimated for 6 points in the normal engine operating region, for varying values of the throttle angle. In the experiment with perturbations in the injected fuel, the air flow is assumed to be constant, thus a straight-forward way of measuring the fuel flow into the cylinder intake valves, was again just to invert lambda. This value is proportional to the fuel mass flow. 
where wfy(t) and wrff(t) are Wiener-proceses, with incremental variances ohi and ai2 , and e(t) is normal distributed white noise, with variance oi (see figure 1). 
